00P1 | 4C,1A,5C
A4
o' find derivatives and equate
> 3x" 12 and 10x-15
¥ 327 -10x+3=0
ot y= 3, x :%
.’ tangents at x =% are parallel, at x =3 coincident
or
(£,-22) (3,124 leading to coinc. at B(3,-8) and
not coincident at other two pts
.0 [(cubic — parabola)
o E’l ...... dx
o5 J-(IS —5x2 +3x+9}x or equiv.
= 3
o’ [ 3 O +3 .1 + Qx]_l or equiv.
10 211
00P2 | 2C, 3B
AL aey
o a=-1 ans: y=4x— x?
3 k . )
. I3 (function from (a))
i % o +2x2
I L i )
01P2 | 4C
6 1
Q o1 xm -4
_1.2
o? x? —4x7?
o’ %.1:3 +c
-1
4 —Ax -
* 1 ans: %x:' +4x 4
01P2 | 7B

Q8




. y:.r3—33'2—.r+3
. 1
. [[--]dx or [[...]dx
1 —2
o’ _[[Lsx_aj_{f _3x° —r+3)]ix or |[{x — 3y —x+3}—{r5x—5:}]ix
At this point candidates may tidy up and then
integrate e.g.
ot J-(—xj + 327 -I'fl'.x—B]d.l'
o [—%x;t +x7 +32° —8.1']
or they may integrate and then tidy up
atter limits in e.g.
S 5.2
[j.:t —5.1]
o’ —%.r'i—xJ—%x?‘—l-Sx]
o0 ED% or — 2{% depending on chosen integrals
o7 a0l
02P2 | 6C
Q5
ot 1+10x-2x" =1+5x—x"
« y=0,5 and r[ ]
o
@ [ (14200 -2) (14 5x o))
ot [ {Sx—;x‘:) dx
o 31 1y
0 202
4.(A [4C
N) 1 4
02pPL | * ¥
R
= 1
o %.ﬁ or —2x7
o %13 %
6.JA | 8A
N)

02 P2




strategy : f tox—axis + g tox—axis + rectangle

-12 (-1.7) and 63 (63.5)

6 kilowatts

03 P2
Q3

5C

. J’[(x2+21"]—(x3—1"2—51")}15’5 stated

04 P1
Q11

=2 or y = ax(r—2)
substitute (1,—6)

i1 =0

f(z) = [(62(z — 2))dz
“ﬁf - 123:}*1’1

27 — Gz’
1=2x1"—6x1"+¢
f==8

two simultaneous equations

20(2=b) =0 and aofl —b)=—6
h=2
i =

OR

y=Hkz-1) -6
0=H2-1]-6=k=6
y=6z—1) -6 =>y =6a(z-2)

04 P2
Q11




. Em—];m?=l-5
e r=Lzxr=3

o "split area up" stated or tmplied

-'1 ¥ 1 ,..2 _3"
J|2z =3 —;P’J:

2 a
o [J:'—;—mﬁ—%m]
¢ (#-13 23 -(1P-117-21)
¢ 2 |
a
OR
o 2r—1l57=1-5

o’ H.!:r - %f}ir
o choose limits, a and & 0 < a < b < 4

o [f _Jﬁ_mal

1]
¢’ evaluate lx? — %rﬁ] for chosen values of a and b
o' state areas to be added /subtracted st / imp by o
o’ %
05P2 | 4C
Q1 o dr—1
5 dr®
. —
2
-1
-
-1
S
05P2 | 8C
Q@ o =2"-9
o =43
o f upper — lower
y 3 :
o e ~'r” o' ey Jr\_i:s
O " —21"+9 & rX_9:240
, 3 .
RN R
- 0 P ™
o [=1x3 19x3l-0 Tl 0wa) (L (3P 40 (2]
=3 ) o [3x8 93] = bx (=37 +9x(-3)
§ g
2% 18 = 36 & op
. orR * %
06 P1 | 4C, 3B

Q6




{r3 — 6z +4r+ l}rir stated

1
.‘f
0
1

™ L
1 * 3

1 _ 6.3 3 4

2

o {J;.l’ —od 21+ 1) 0

or equivalent

| | 13
L] Jl_ri v 1___.'.'2_._.' _J._ 1_.' -3_._.' 2___ —
o (12'-227+22 3) (£.1'-21° + 2. 1)_ .
;0 )
. 5 or equivalent 3
06 P2 | 4C/B
Q5 | o
s = f stated or implied by -2
z T g3
o 9=2-1)-2(-1 +¢
o y=22"—2% 45 stated explicitly
OR
y=21r -2t +¢
¢ land stated explicitly
9 =2—17 =A-1P +¢
o 0=25

07P1 | 1C, 3C, 5C/B
Q8 | 'f(3)'=92T—364+3+6=0

o (z-—=3)z ... )
o (z-3)(z°—z—2)
o (z—3)r—2)(xr+1) 20 A=(2.0)
Alt. Method 1 for o to *
3/1 -4 1 6

8 4.2, | A
(:r- d™ + 5+ 6) dr 2 3 _3 _g

@
—_— "u_._?
[
|
—
|
(%]
[ =]

o0
To1.4 4.3 1.2 1
L] II _EI +?.I‘ +ﬁf .
o° le"—ix?3+_‘—‘><2"‘+ﬂx‘2
* : . o ' _z-2
g 22 .
. 3 oo r=2c=-1ANDz, =2

07 P2 | 3C/B, 4A
Q10




e a=2andb=4 or kiz-—2)z—4)
of B=k0-2)(0—4)
of k =E
ot [{%(z—?j{z‘- —4))dz a/i by o
o’ any two terms intcgrated correctly ( ;%1‘-3 ete)
o’ y=%£3—%£2+ﬁz+c
o c=6
08 P2 | 8A
QT |4 32—z =24 or 14
o r=2and 3
o’ J(ag —22%) dz
o 321‘—%J’3 ¥
; |
o
B 1
L] 19 3 - 1.1 20 53
. €.g. 'IEI% —14 4+ 20 and then double 2 /i by o 18 |14
o 5[!% 43 5L 0O
2 For integrating "along the y - axis”

etrategy: choose to integrate along y-axis




11 P2

Q4 . j or attempt integration
**  Evidence of attempting to interpret the diagram to left of y—axis
separately from diagram to the right.
0 3
o’ j . e.g. with no other
ot : o
I
I
I
o (¥ —x"—dx+4)—(2x+4) b(2x+d) - (27 —x - dx+4)
I
l
I
. —_11'4—%.1'_’—-:12 i 3+ hat - Ly
l
I
l
I
& 1 s 1 3 - z v (g L 1as 1ae
o (3D -3 -327) b (367 +30r- 1))
o 6 D ow
3 vy
3 E I:_I'
o jqzx+4;.—{x-"—x1—4x+4;urx ! (x’ —x*—4x+4)—(2x +4)dx
i] E :2
Lo 63 |16
1 ]
|
10 1 253 )
. Elﬁ(}r 5 O 21-1
(1?2251 know touse x=4 o 4|11 -5 2 8

complete evaluation

state conclusion
find quadratic factor
factorise completely

state solutions

OR

4 -4 -8
1 -1 -2 0

*  'remainder is zero so (x —4) is a factor’

o Pox-2 stated, or implied IJ}"I'E
o (x—4)x-2)x+1) stated explicitly in any order
1,24

' knowtousex=4
o 64-80+8+8=0
o' (x—4)isa factor




identify x,, from working in (a)
interpret appropriate limits

know and start to integrate

7 2
0,2

«’ integrate one term correctly (but see Note 1

1 5 2 )
complete integration o z_rd' —E.rl +E.'r2 +8x or equivalent
1 5 3 2

substitute limits [—{2]'1 ——{2}' +2° +8x EJ—D

state area o' J—f or 1[} but not a decimal approximation
13P2 | know how to show that B is o' (=3P +3(—3)2+2(-3)+3=-3
Q4 the point of intersection of

the line and curve. and 2(—3)+3=-3

or solving simultaneous equations
2 f°

know to integrate and -3

mterpret linuts.

use “ upper — lower” o [O(x%+3x% +2x +3) — (2x + 3)dx

integrate o 14,3

4
substitute limits . 0 — { 3}4 )3}
| 4
evaluate area of 27 ynits>
4

14 P2 . . 1 2 S
Q7 know to and find intersection o lx=0x—x =x=0.x=4

of line and curve
use “ upper — lower”
integrate

substitute limits and evaluate

evaluate area developed

set derivative to 2
tind point of contact

tind equation of road

find correct integral

calculate area

o j((ﬁx—xl)—Ex)dx

o 10—

o lﬂgx 300=3200m’

. 6—2x=2
. x=2,y=8
o y=2x+4
2

J {[f +4x‘_]—[3f —%EHD

o'’ Ellflllflm2




PRE 2000 ANSWERS — Indefinite Integrals

1 o] % xd
o2 2x
3
. +C
2 1
2 3
[ ] 3 x
o2 +3x
03 -|-C

w
rtl

1 Iz _ -!- .3 .'T_
. [m-] * 3
— _1
.1 (-5 =) —5.‘.!’_% ."‘ —E:I F]
XX _E

PRE 2000 ANSWERS - Definite Integrals

1 o know to expand brackets G
4 =2
. X +2x+x 5

3 1.5 2
LR T

2 S
2 3,

ﬁﬁﬁ)

-
a2
Falus

-
e

3 J L3 o %x‘}
< x_% o Zx%

< 21}

4 *  sirak: know to divide

o 1, m_2
Fl

. Jiu

4 -1
o -u

Ll |

PRE 2000 ANSWERS — Differential Equations

1 N

y=2x" -
Z

-

v=2x—x* + 4 and substituting
o k=3




2 ! I(3x2+1) dx

3
X +x
+C

y=x3+x+4

J‘(f-lxa—l = ...

o ox

+
f=14+c
c=-15

2 stated or implied by % or ¢

y=]{x3+x'2-;}}dx or the appearance of any term of }x* - }x-x"'

the remaining two terms

c=3

PRE 2000 ANSWERS — Area under a Curve

1

1
»

evidence of e.g. triangle + rectangle

area = 33

5
2 J- (2x+4) dx
2

45-12=33

dx

3

il’
2
13
for diagram 1 as shown
shading 1 fo 2

8] 24

sketch of parabola with min above origin
shade from 1 to 2




(a)

(b)

(1.0)
(2,0)

Jf(x)dx_
1 2

-]

0 1

(x+ 2)(12 -3x+ 2] or equiv.

3 2
xr—-x —dx+4

1yt —%xS—sz +4x

=

[
i |
ot

[ %]
Paf= M|

7
or T

(a)

(b)

13—%1:2:!]

x=x12

12

Area = ZI y dx
0

integrating

288

for knowing to subtract area of parabola from area of rectangle and multiply by 3.

(a)

(b)

f( x:) stated or implied by »*
x2 -1

8(x=1)  stated or implied by **
(e=1)?

(x=1%+2% -1 and complete proof

sketch as shown ¥

minimum at (1 - 1} calculated or on sketch

20 2

(0 8 1 2x% —2x| dx
a0

¢+ i)

JO 1

ot dealing with —ve




(0,0) (3]
(3,00

3 (d)
fx)=12x" - 24x

f(x)=0 stated explicitly

*"  correct shape

% (0,0),(3,0),(2,-16) annotated

3
11 3 2
jﬂ[dx -12x }lx
o2 area:—Jé(fle—lez}ix
0

X=0 x=2 o]3 [-x‘l+4.‘rc3}3
x |0 0 o 272 2F 0
f' | + 0 - - 0 + .14 27
max at (0,0)
min at (2,-16)
{a) npg =1 ) o' suitable division of area
()= dx o' rectangle OPA'C'=3x1.15=345
. =3
f(x)=-8x ol curved area QBA’ E‘:f iz dr
Y 115 x
2 and f(2) =1 o [ 'T
x=2 and f(2) = )1
o215
®) x+y=3
Y o (345+215)x4-224
=3
.
x=1.15

- A(1.15,3), B(3,0.44)

dy _ 8
dx S eeeees ()
%:r_% K
d

szyh =3 10
y—1=%(x-—1}

]
P=0,1
method for area of trapezium d 0
3
s 2

13

stralegy: compare reduction wilh original

a1
=L 12 _ 1
=13 and %_9

PN
ey

é =11.1%>10% so objection correct




PRE 2000 ANSWERS — Area between 2 Curves

1 2

o’ f (‘OP'—'0OQ’) dx +J ('PQ-'0Q) dx
0 1

o4 J‘](x +3x—x+7 xz)dx

o> I x +x] or [%-x3+%x2-%x2+]1—2x3]
12

o j:[dlx'z - x+-};x2] dx

8 [—4x -,Ex +1 3]

. TandArea 25

1
2 =4x-2x" or y=4-y
=1 and x=-1
1
I[d-lxz-zrz}ix
-1
2.3 2.3
41-3.1" _EI
1
5%
2
(@ A=(0,5)
"2 IB=2
03 yB=1
b -4 4
(2] jﬂ
o° I[(5+4x—x2)—(x2—4x+5]] dx
o 8x-24" or equiv.
o 412—%1:3 or equiv.
8 64
* 3
© o p=-1
210 =10
3 (a} |1 p:l
.2 q=2
OR
by od

1.2 1.3
[ - %]
any two evaluations from 151,2 %

third evaluation and area = T +2- 3- = 21}




(a)

Ly
stm!.dx—...

dy o2
=3 —2x-6
Migs = -5
y+8=-5x-1)

strat: altemplt lo simplify and equate s

xa—xz—x+‘1={1

® J.(xg'—xz—&r—Z)—{—Ex—S) dx

JO 1,4 1,3 1,2, x]
skrat: e.g. try to factorise * 3 z
11
B=(-1,2) 1}
(a) a=1
b=6
6 7 2
(&) [x(6- x)dx €) & x=6bx—x
0 8
- p= 5
flor-+)e Yt
. I(ﬁx-x - x] dx or equiv.
3x% - EIIS 0
0 5.2 1.5 .
36 . ['E x - Ex i|0 Or equiv.
M % or equiv.
(a) Area under curve - area under line
abscissae at intersection are ( and 12 o
12 (€) o  “f(6)=0" orequivalent
Ttocte-fcta) iy
f J pa “12p-72
2 3712 .
[x —%x :L] or equivalent 12 p=6+£+108 orequivalent
48 9 outside range 0 — 12
) J ......... dx=24
P
J(:’.x— %xzj dx = 24 or equivalent statement
0




strategy: equate functions
X =x
M —D=0=x=0, x=1

xi’—x‘2 dx b o

K L
x% - x2 dx

1

Jx
(0 1
12

L ]

13
.

14
.

xé - :u:2 dx 10
] A

3
1.3
31’

218133 2 1_[2:8_143
5kT =3k or 5—5—[3" -3k
i 1,3 _ %
480 = 13- (3

2p% —4p+1=0

strategy for solving: e.g. p=
p=0293, 1707

k=0.441

and completing proof

4+4/16-8

4

strategy:split into approp. parts
y=l=x=22
first rectangular area

9- -l—xz for integrand of shaped area

5
J’ dx for limits of shaped area
2

for integrating.... .,(ﬂx - ilz-xz)
for evaluating...... (—)

total cross — sectional area = %{m2 )

volume = 4160 (ma)




